Abstract
a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Carcinoma of the cervix is one of the most common gynecological malignancies and a significant cause of cancer mortality worldwide [1] [2] [3] . Accurate staging is a necessary prerequisite to determine the most appropriate therapeutic option. The staging of disease is done according to the International Federation of Gynecology and Obstetrics (FIGO) recommendations [4] . FIGO staging entails a thorough pelvic examination, colposcopy, endocervical curettage, hysteroscopy, cystoscopy, proctoscopy, intravenous urography and radiological evaluation of the lungs and skeleton for metastasis.
Hybrid positron emission tomography integrated with computed tomography using fluorodeoxyglucose (FDG-PET/CT) is an integrated metabolic and morphologic modality for oncologic imaging that outperforms stand-alone morphologic imaging. Metabolic parameters such as maximum standardized uptake value (SUVmax), metabolic tumor volume (MTV) and total lesion glycolysis (TLG) derivable from FDG-PET/CT reflect the tumor metabolism and its aggressiveness. These metabolic parameters have been shown to predict survival in different malignancies [5] . Despite its excellent ability to detect the site of unknown metastasis in patients with bulky primary tumor, FDG-PET/CT is still not routinely used for initial staging of patients with carcinoma of the cervix. Lack of accurate staging of patients before the institution of therapy may result in ineffective treatment with its attendant morbidity and cost.
Carcinoma of the cervix has a strong association with persistent infection with high-risk strains of human papillomavirus (HPV) infection, an oncogenic virus that predisposes to high-grade intraepithelial lesions [6] . Individuals with human immunodeficiency virus (HIV) infection have a higher prevalence of high-grade intraepithelial lesion and consequently invasive squamous cell carcinoma (SCC) of the cervix [7, 8] . Studies have shown the utility of FDG-PET metabolic parameters in predicting distant metastasis as well as patients' survival [9] [10] [11] . Most of these studies were done in countries with a low incidence of HIV infection. It remains unknown if findings from these studies can be translated to HIV-associated invasive carcinoma of the cervix. The aim of this study was, therefore, to determine the impact of FDG-PET/CT in the initial staging of a mixed population of women with and without HIV infection diagnosed with carcinoma of the cervix as well as determine the abilities of FDG-PET/CT metabolic parameters in predicting the presence of distant metastasis.
Materials and methods

Patients
We reviewed the FDG-PET/CT scan images of 519 consecutive patients with histological diagnosis of carcinoma of the cervix who were referred to the Department of Nuclear Medicine at Steve Biko Academic Hospital in Pretoria from January 2014 to March 2018. Steve Biko Academic Hospital is one of the largest academic hospitals in South Africa that serve as a referral center from most areas of two of the nine provinces of the country. The hospital also receives referrals from other neighboring Southern African countries. We excluded patients who obtained FDG-PET/CT scan for indications other than initial staging, those with FIGO stages IA, IB1 and IVB disease, those in with vesicovaginal fistula complicating their disease and technically sub-optimal scans. We reviewed the medical records of patients who met our inclusion criteria to extract the following information: epidemiological parameters, FIGO stage before FDG-PET imaging, histological sub-type of the tumor, and HIV status. In patients with HIV infection, we extracted the CD 4 count and viral load. In our institution, patients who are willing to allow their FDG-PET/CT imaging data to be used anonymously for research purpose sign a consent form. We only used data from patients who had previously signed this consent form in this study. The institutional review board of the University of Pretoria approved this study (Reference No:223/2018).
FDG-PET/CT Imaging
A standard patient preparation was observed. Each patient fasted for a minimum of six hours and fasting blood sugar was less than 11 mmol/L at the time of FDG injection. FDG was injected intravenously with activity adjusted for patients' weights. PET/CT imaging commenced 60 minutes following FDG administration. We performed imaging on a Biograph 40 Truepoint hybrid PET/CT scanner (Siemens Medical Solution, Illinois, USA). Where no contraindication existed, we imaged the patients with the administration of oral (Gastrografin, Bayers, Isando, South Africa) and intravenous (Omnipaque, GE Healthcare, Wisconsin, USA) contrast. We acquired PET images in 3D mode at 3 minutes per bed position in a caudocranial direction. We performed PET image reconstruction using ordered subset expectation maximization iterative reconstruction (4 iterations, eight subsets) with a Gaussian filter applied at fullwidth at half-maximum of 5.0mm.
Image analysis and interpretation
We performed image analysis and interpretation on a dedicated workstation equipped with a Syngo.Via software (Siemens Medical Solution, Illinois, USA). We drew a semi-automatic spherical volume of interest (VOI) around the primary cervical lesion while taking care to exclude bladder, ureters and other areas of increased physiologic or pathologic FDG uptake. We used an SUV threshold of 2.5 and a 3D isocontour of 41%. We recorded the SUVmax, SUVmean, and MTV of the primary cervical lesions that were automatically computed by the software. We manually computed the TLG of the primary cervical lesion by multiplying SUVmean by the MTV.
Two nuclear medicine physicians with five years (IOL) and more than ten years (MMS) experience interpreting oncologic FDG-PET/CT images performed qualitative image interpretation to determine, by consensus, the presence, and site of distant metastasis. Nodal metastases were classified as either pelvic nodes when localized to the pelvic region or extra-pelvic nodes when localized elsewhere. We classified as visceral metastasis any metastatic lesion seen in the soft tissue visceral (such as liver, lung, brain), peritoneum and peri-umbilical nodule.
We confirmed the findings on FDG-PET/CT as metastatic by histological examination in 64 patients. Where biopsy was not possible (n = 62), the findings were correlated with magnetic resonance imaging (MRI) or based on consensus interpretation by the interpreting physicians.
We revised the FIGO staging following the confirmation of FDG-PET/CT findings. We determined the proportion of patients who had a FIGO stage migration following FDG-PET/CT.
Statistical analysis
We expressed continuous variables as the mean ± standard deviation (SD) when they were normally distributed or as median (interquartile range, IQR) when they were skew. We expressed categorical data as proportions (percentages). We used the Chi-square test to compare categorical data, and the Mann Whitney U test and independent samples T-test for continuous variables. We used logistic regression to determine the association between the FDG-PET metabolic parameters and the presence of metastasis, first unadjusted, then adjusted for FIGO stage of disease. We constructed adjusted ROC curves of SUVmax, SUVmean, MTV, and TLG and reported the Area under the Curve (AUC). All statistical analyses were two-tailed, and p-value <0.05 was considered statistically significant. Analyses were performed using IBM SPSS Statistics 21.0 (IBM Corp, Armonk, New York USA) and STATA statistical Software version 15 (College Station, TX: StataCorp LLC).
Results
A total of 126 women met our inclusion criteria and were included in this study, mean age = 48.05 ± 11.80 years. There were 73 patients (57.9%) with HIV infection while 53 patients (42.1%) were HIV-negative. About a half of our study population had a FIGO stage IIIB or IVA disease at the time of referral for FDG-PET/CT. We found SCC as the most common histological type of carcinoma of the cervix in our study population (87.3%). Other histological variants seen included adenocarcinoma (7.9%), adenosquamous (1.6%), neuroendocrine (1.6%) and other rare variants (1.6%). Table 1 shows the detailed baseline clinic-pathologic characteristics of the study population. 
FDG-PET/CT image findings
Following FDG-PET/CT scans, regional or distant metastases were seen in 88 patients (69.8%). Among these 88 patients, metastases were localized to the pelvic nodes only in 27, to extra-pelvic nodes only in five, to both pelvic and extra-pelvic nodes in 27, and to a combination of nodes and visceral organs in 18 patients. In one patient, metastasis was identified in a visceral organ, in four patients to bone and lymph nodes, and to nodes, visceral organs, and bone in 6 patients. Table 3 shows details of stage migration in 65 patients that were upstaged. 
Comparison between HIV-infected and HIV-uninfected patients
The HIV-infected patients were significantly younger compared with HIV-uninfected patients (43.36 ± 8.03 years versus 54.51 ± 13.12, p<0.001). More advanced diseases (higher FIGO stages) were seen in HIV-infected patients compared with HIV-uninfected patients (p = 0.022). For example, more than half of HIV-infected patients (56.2%) had a stage III or IV disease compared with 39.6% of HIV-uninfected patients who had a stage III or IV disease. Among HIV-infected women, SCC was more prevalent compared with HIV-uninfected ones (p = 0.021). The proportion of patients with regional or distant metastases were not significantly different between the HIV-infected group and HIV-uninfected group. Similarly, the sites of metastases were not significantly different between HIVinfected and HIV-uninfected patients. The proportion of patients who experienced FIGO stage migration were not different between the two groups also. Similarly, FDG-PET metabolic parameters (SUVmax, SUVmean, MTV and TLG) were not significantly different between HIV-infected and HIV-uninfected women. Table 4 shows a detailed comparison between HIV-infected and HIV-uninfected women. Among HIV-infected women, we found no significant difference in the CD4 count or viral load between those women who had regional or distant metastases compared to those with localized disease, p = 0.821 and 0.096 respectively.
The ability of FDG-PET Metabolic Parameters to Predict the Presence of Distant Metastasis
SUVmax, SUVmean, MTV and TLG were all significantly higher among patients who had distant metastases compared with those with localized disease, (p<0.05 in all cases), Table 5 . The univariable logistic regression showed that these parameters were also all significant in their ability to predict the presence of distant metastasis, Table 6 . After we adjusted for the FIGO stage of the disease, only MTV and TLG remained significant predictors of distant metastases. As these parameters increase, the probability of distant metastasis increases, as indicated by the odds ratios being significantly greater than one. (Fig 1a and 1b) . Figs 2 and 3 show images of typical patients we included in this study. 
Discussion
We evaluated the ability of FDG-PET/CT to accurately stage women diagnosed with stages IB to IVA carcinoma of the cervix and found FIGO stage migration to a higher disease state in 51.6% of patients. Patients were upstaged following imaging due to a finding of a more extensive primary tumor than assessed clinically, detection of the urinary bladder or rectal wall invasion or finding of a previously unknown site of distant metastasis. About half of the patients (49.2%) who had stage migration were upstaged to FIGO stage IVB. This stage migration may significantly impact on patients' management. It must be said however that not all cases of stage migration may lead to a change in treatment option. Patients upstaged to stage IVB due to the detection of a previously unknown sites of distant metastases would definitely have a change in treatment option and intent, from a local/loco-regional treatment to systemic and from a curative intent to palliative treatment intent. Accurate staging of disease is a prerequisite to determining the most suitable therapeutic option. Different stages of carcinoma of the cervix are treated in different ways. Patients with early-stage disease may be offered radical hysterectomy with or without lymphadenectomy followed by adjuvant therapy [12] , while patients with locally advanced disease are commonly treated with pelvic radiotherapy with or without concurrent chemotherapy [13, 14] . Patients with advanced disease (stage IVB) are treated with single or combination chemotherapy [13] . We demonstrated the sites of metastases in 88 patients with the lymph nodes (pelvic and extra-pelvic) being the most common sites of metastases. The clinical importance of this is that the managing team can decide on the optimum therapy among the available options and as well as guide the field of radiotherapy or extent of surgery. Among the 126 patients we included in this study, 57.9% had HIV infection. The HIVinfected group was significantly younger and had a higher prevalence of FIGO stage III or IV disease compared to the HIV-uninfected patients. The FDG-PET metabolic parameters, as well as the pattern of distant spread, were not significantly different between the two groups. Similarly, the proportion of patients who experienced stage migration was not significantly different from HIV-infected and HIV-uninfected women suggesting no difference in the impact of FDG-PET/CT for initial staging of disease between the two groups. Detection of a previously unknown site of metastasis in the pelvis such as pelvic lymph node metastasis may lead to a change in radiotherapy field in patients treated by radiotherapy alone or in combination with chemotherapy [15] . These findings provide some guidance on the management of cervical cancer, an acquired immunodeficiency syndrome (AIDS)-defining cancer, among HIVinfected patients. Cancer diagnosis at a younger age means that treatment must be offered while minding the morbidity associated with cancer therapy that may impact on the quality of life after that. Despite a higher prevalence of stage III and stage IV disease among HIV-infected patients, we did not find any significant difference in the FDG-PET metabolic parameters in them versus HIV-uninfected women. Since these parameters have prognostic implications, this may suggest that stage for stage, HIV-infected patients and uninfected patients may be treated in the same way while expecting a similar outcome. This finding is consistent with our findings in other HIV-associated malignancies such as Hodgkin lymphoma and SCC of the anus [16] [17] [18] . It also supports the recent recommendation of the National Comprehensive Cancer Network (NCCN) advising that cancers may be treated similarly between HIV-infected and uninfected patients in this current era of effective combination antiretroviral therapy (ART) [19] .
We compared the FDG-PET metabolic parameters of the primary tumor between patients with metastases and those without metastasis and found significantly higher values for these parameters in the former compared with the latter group. These parameters reflect the tumor glucose metabolism and hence their aggressiveness [20] . MTV measures the volume of a tumor bulk that is metabolically active. It is, therefore, better at predicting tumor biology than a mere measurement of gross tumor volume that includes areas of necrosis and fibrosis within the tumor bulk. In combination, these parameters have been found to predict response to therapy as well as survival [10, 11] . Presence of metastasis, especially to lymph nodes, is a significant predictor of survival in patients with carcinoma of the cervix [11] . All the metabolic parameters we tested in the unadjusted model were significant in predicting the presence of distant metastasis. The probability of metastasis is influenced by the primary tumor size with larger tumors more likely to be associated with distant tumor spread. We, therefore, subsequently adjusted for the FIGO stage of the disease while evaluating the ability of the metabolic parameters for the presence of distant metastasis. Following this adjustment, only MTV and TLG remained significant predictors of distant metastasis. Our findings show that MTV and TLG are more robust in their ability to reflect the tumor behavior compared with SUVmax and SUVmean. Other authors have also reported the correlation between FDG-PET metabolic parameters and nodal metastasis. In a recent study, Zhang et al. found MTV and TLG but not SUVmax to be significant predictors of lymph node metastasis [20] . These workers evaluated only patients with early-stage carcinoma of the cervix (FIGO IB1-IIA) unlike our study with a more heterogeneous patient population. Also, it is unknown if their study population included patients with HIV infection. Chung and colleagues, however, found a significant correlation between SUVmax and nodal metastasis in a group of patients with stage IB to IIA disease [21] .
Our study included patients who are typically referred for imaging in cervical cancer staging. We excluded patients with stage IA and IB1 disease as the volume of disease is small in these patients. Small lesions suffer from partial volume averaging leading to an underestimation of the FDG-PET metabolic parameters. We also excluded patients with stage IV disease at the time of referral as these patients were already known with advanced disease and had no significant benefit from imaging.
One of the strengths of our study lies in the unique population we studied, a mix of HIVinfected and HIV-uninfected patients. Even in the current ART era, HIV-associated malignancies remain an increasing cause of mortality among individuals affected with this virus in developed and developing countries alike [22, 23] . It is, therefore, necessary to determine the performance of FDG-PET/CT in accurate staging and its metabolic parameters in the determination of the presence of distant metastases among HIV-infected individuals with carcinoma of the cervix.
The results from our results need to be interpreted with bearing in mind the limitations therein. The disease was upstaged in about half of the study population. This high proportion of patients who had stage migration may be as a result of selection bias where patients with suspicion of distant metastasis were more likely to undergo FDG-PET/CT scan compared with patients in whom clinically staging was done with more certainty. Not all lesions seen on FDG-PET/CT were confirmed by histological evaluation as metastatic. This will be impracticable and unethical especially in patients with multiple sites of lesions. Evaluation for distant metastases was based on the histological confirmation, correlative imaging with MRI and the experience of the interpreting physicians. The retrospective design of our study is another limitation. As a result of the retrospective design of this study, we do not have sufficient information on how these patients would have being managed if they had not had FDG-PET/CT imaging preventing us from reporting on the impact of stage migration on patients' management. A prospectively designed trial confirming our results will be necessary in the future. A phase III trial that compared the role of FDG-PET/CT with stand-alone CT in the initial staging of women with cervical cancer recently reported its findings [24] . The study was underpowered and was terminated due to poor patient recruitment.
Conclusion
In women with cervical carcinoma, the inclusion of FDG-PET/CT in the pre-therapy assessment improved the accuracy of staging in about of half of patients. FDG-PET metabolic metrics can accurately predict individuals with distant metastases. These metabolic parameters and pattern of metastases are not significantly different between HIV-infected and HIV-uninfected patients. 
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